In this issue of the Journal of Neurosurgery, Yen and colleagues present a series of 31 patients with incidentally discovered arteriovenous malformations (AVMs) that were treated with Gamma Knife surgery (GKS) at the University of Virginia over a 20-year period. 22 This article is important given the ongoing controversy regarding the management of unruptured AVMs, particularly in light of the recent results of the interim analysis of the ARUBA study (A Randomized Trial of Unruptured Brain Arteriovenous Malformations).
14 In this series of 31 patients, the Spetzler-Martin grading at the time of initial GKS was Grade I in 4 patients, Grade II in 13 patients, Grade III in 12 patients, and Grade IV in 2 patients. Preradiosurgical embolization was performed in 5 patients. The overall mean nidus volume was 3.6 cm 3 and the median marginal dose was 20 Gy. The mean clinical, MRI, and angiographic follow-up was 78, 54, and 57.5 months, respectively. Four patients underwent repeat GKS at a mean of 6.8 years after the initial procedure.
The authors reported an overall AVM obliteration rate of 84% (n = 26 patients) based on angiography (n = 19) or MRI (n = 7). The actuarial obliteration rate was 55% and 78% at 3 and 5 years, respectively. The only factor to independently predict AVM obliteration in multivariate analysis was small nidus volume. Although radiation-induced imaging changes were observed in 42% (n = 13) of the patients at a mean of 13.7 months from treatment, only 2 patients developed symptoms that completely resolved after a short course of steroids. Hemorrhage occurred in 2 patients during the latency period following GKS and resulted in permanent hemiparesis in 1. The authors reported an annual postradiosurgical hemorrhage rate of 1.7%. There were no deaths reported in this series.
The article has some limitations such as the small patient population, the retrospective nature of the review, and the possible selection and referral biases that may limit the general applicability of the results. Furthermore, in 27% of the patients, AVM obliteration was determined by MRI criteria alone, which may have overestimated the overall reported obliteration rates. Finally, as the authors acknowledge, radiosurgical techniques have evolved over the study period. However, this final point should, if anything, improve the already excellent results and safety profile of radiosurgery reported by the authors. Despite these limitations, the authors should be commended on an excellent and carefully performed study.
In general, the management of cerebral AVMs is based on a thorough understanding of the natural history as well as the risks of intervention. A number of studies have evaluated the natural history of cerebral AVMs with regards to risk of hemorrhage (Table 1) . Based on data from early natural history series, neurosurgeons for many years believed that the annual rupture rate for cerebral AVMs was approximately 2%-4%. The rebleeding rate was presumed to increase slightly to approximately 6% during the first year following hemorrhage, after which the annual hemorrhage rate became similar to an AVM that had not bled. More recent data, particularly from 2 large databases at the University of Helsinki and Columbia University, have challenged the notion that the annual hemorrhage rate was similar for ruptured and unruptured AVMs. 8, 21 Such data, in fact, provided the impetus for conducting the ARUBA trial. The authors discuss well the limitations of the recent results of the ARUBA trial and their comments coincide well with those expressed by us in a recent editorial. 4 Despite the substantial limitations of the ARUBA trial, most likely the majority of the non-neurosurgical community will not look beyond the conclusion of the study, which was that intervention for unruptured cerebral AVMs carries significantly greater morbidity than observation. This can potentially make it extremely difficult for neurosurgeons to convince community physicians and patients harboring unruptured AVMs of the need for intervention. We would like to comment on our current management of unruptured cerebral AVMs in the post-ARUBA era and in the context of the results of the current study. In our opinion, patients with Spetzler-Martin Grade I and II AVMs should still be offered surgical excision provided that they are relatively young and healthy. Given the more benign natural history of unruptured AVMs, the threshold for age and general health are higher than that for ruptured lesions. Surgery in low-grade AVMs is very safe and offers the patient an immediate cure. 9, 15, 19, 20 However, as demonstrated by the results of the current study, radiosurgery for unruptured AVMs can provide a relatively high chance of nidal obliteration with an acceptably low risk of symptomatic radiation adverse effects or postradiosurgical hemorrhage and may be a reasonable alternative, particularly in older patients or in patients with significant surgical comorbidities. Although a high rate of curative embolization with acceptable morbidity for Grade I and II has been reported, 18 in our opinion, embolization with an intention to cure should be reserved for select cases and performed only at institutions with significant experience in the technique. Treatment decisions regarding Grade III AVMs are not straightforward because they not only represent a transition between lowgrade (I and II) and high-grade (IV and V) AVMs but also have long been recognized as a heterogeneous group of lesions with varying treatment morbidity rates. 3, 11, 17 We have discussed the management of Grade III AVMs in a previous editorial. 4 Suffice it to say here that with unruptured Grade III AVMs the predicted safety of invasive treatments such as resection, frequently preceded by embolization, should be very high for such treatments to be recommended. This article offers good evidence that the less invasive radiosurgical treatment may be an alternative option, particularly for the smaller Grade III lesions. The vast majority of unruptured Grade IV and V lesions should be treated conservatively as resection is associated with serious morbidity and the chance of complete obliteration with multimodal therapy is low. 7 Furthermore, most evidence suggests that partial AVM obliteration does not improve the natural history of these lesions and may actually make it worse, and therefore we do not recommend it as a sole treatment. 7, 10, 13 Palliative embolization may be considered in select cases to target high-risk angiographic features or reduce AVM flow in patients with intractable headaches or progressive neurological deficits related to arterial steal or venous hypertension.
Finally, we would like to emphasize the fact that this excellent and busy radiosurgical center has treated only 31 patients with unruptured AVMs during a period of time when a total of 1400 AVM patients were treated. To us this implies not only that they have been very conservative in using radiosurgery for unruptured AVMs, but also that they have used excellent judgment in selection and have probably recommended either no treatment for very large complex AVMs (Grade IV and V) or surgical excision for Grade I and II AVMs in noneloquent locations. In fact, the senior author of this editorial has treated several patients with AVMs from this area that had been initially referred for radiosurgery to the late Professor Steiner, the founder of the Gamma Knife unit at the University of Virginia. With his impeccable judgment and ethical standards, Dr. Steiner kindly referred these patients to us after telling them that in their cases radiosurgery was not indicated and surgical excision was the treatment of choice. We know that he would have been very, very proud of this excellent article by his successors at this prestigious institute. We heartily congratulate them. We appreciate the authors' interest in our recent study. In their editorial, the authors shed additional light on the natural history studies for AVMs. It should be noted that truly incidental vascular lesions are likely on the rise as MRI access increases and MRI technology improves. 2 In a recent meta-analysis, the mean prevalence of non-neoplastic incidental findings including AVMs on brain MRI was 2.0% (range 1.1%-3.1%). 5 Many of the natural history studies cited by the authors and detailed in Table 1 in their editorial were not comprised of truly incidental AVMs. As such, the conventional wisdom that the annual rupture rate for cerebral AVMs is 2%-4% may not hold true for incidentally found AVMs. It is quite likely that the hemorrhage rate is higher for previously ruptured AVMs than unruptured but symptomatic ones. Furthermore, the hemorrhage rate for unruptured but symptomatic AVMs is likely higher than for unruptured and asymptomatic (i.e., incidental) AVMs. Although it is easier to homogenize AVMs to assess overall hemorrhage rates, each lesion must be assessed individually as hemorrhage rates may vary from less than 1% to 35% per year depending on associated high-risk angioarchitectural features. 6, 7 Regardless, any intervention for incidental AVMs truly must surpass a high bar.
As the authors note, many clinicians, health care policy makers, and private payers will likely view the current findings of ARUBA as evidence that intervention for unruptured cerebral AVMs carries far greater morbidity than conservative management. 4 In this study, the primary outcomes in those receiving treatment for SpetzlerMartin Grade I (14.3%), Grade II (43.3%), and Grade III (57.1%) lesions were unacceptably high. 8, 9 Of the AVMs receiving a single treatment, 30 (46%) of 66 underwent embolization despite the relatively higher risks of embolization with a low potential for curative occlusion. The majority of hemorrhages occurred in patients who were initially treated with embolization and had incompletely obliterated AVMs. The number of patients treated only with microsurgery or radiosurgery comprised a minor proportion of the interventional cohort (31%). The 31 patients with incidental AVMs reported in our study represent a small fraction of the now greater than 1500 treated at our institution with radiosurgery, and significantly larger overall cohort of AVMs treated using any modality. Unfortunately, the limited number of patients in ARUBA does not allow stratification of outcomes based on treatment received.
Neurosurgeons have, at times, exhibited a cavalier attitude toward those questioning the value of the interventions that we perform. Given the well-described natural history of AVMs, the very notion that we must demonstrate the merits of intervention for an AVM may appear counterintuitive to neurosurgeons. Fortunately, the National Neurosurgery Quality and Outcomes Database (N 2 QOD) was developed to generate data that would shed light on the quality and effectiveness of neurosurgical procedures. 3 Multicenter, prospective data through such a registry effort can demonstrate the effectiveness of our approaches when they prove successful. Moreover, the registry may also reveal the indications, approaches, patient characteristics, or disease-specific attributes for which our skills fall short of providing an acceptable outcome. A fairly substantial effort is underway to em-bark upon a national quality and outcomes registry for stereotactic radiosurgery, and AVMs would be the focus of this registry. Similarly, efforts are being developed for evaluating the outcomes associated with AVM microsurgical and endovascular approaches. 1 Our future role in the management of patients with AVMs will likely be determined based upon a thorough understanding of the natural history of various types of AVMs (e.g., ruptured vs unruptured, symptomatic vs asymptomatic) and the objective value that we can demonstrate for our interventions in specific AVM patient cohorts.
